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Objectives: Septic shock is the primary cause of death in ICUs. A better comprehension of its pathophysiology, in particular, the immune alteration mechanisms, opened new therapeutic perspectives such as the recombinant interleukin-7. The use of biomarkers could improve the identification of eligible patients for this therapy. The soluble form of the interleukin-7 appears as a promising candidate in this regard since an association between its high plasmatic level and mortality in critically ill patients has been demonstrated. Because there are no data available on the transcriptional regulation of the interleukin-7 receptor in such patients, this study aimed to explore the expression level of different interleukin-7 receptor transcripts after septic shock and evaluate their association with mortality. Design: Retrospective discovery cohort (30 patients) and validation cohort (177 patients). Setting: Two French ICUs (discovery study) and six French ICUs (validation study). Patients: Adult septic shock patients. Interventions: None. Measurements and Main Results: The quantification of several interleukin-7 receptor transcripts using specific reverse transcription quantitative polymerase chain reaction designs allowed for global evaluation of interleukin-7 receptor gene expression in whole blood. In the discovery cohort, all interleukin-7 receptor transcripts studied were expressed at lower levels in septic shock patients than in healthy volunteers. Interleukin-7 receptor gene expression at day 3 after septic shock diagnosis was associated with day 28 mortality. Patients at a lower risk of death showed higher expression levels. These results were confirmed in the independent validation cohort. Interestingly, using a threshold obtained on the discovery cohort, we observed in the validation cohort a high negative predictive value for day 28 A disproportionate inflammatory response exceeding the concomitant anti-inflammatory response is observed in the early phase of septic shock, which is usually resolved within 72 hours. This phase may be followed by prolonged immunosuppression that accounts for over two thirds of deaths (3) . Several studies reported impaired innate and adaptive immune responses following septic shock (4). Massive apoptosis of T cells leads to important lymphopenia (5) . Also, the functionality of T lymphocytes (i.e., their proliferation and cytokine production capacity) is decreased (6) .
Immunomodulating therapies have emerged as innovative and effective approaches to control dysregulated immune response following septic shock in view of either blocking an exaggerated response or boosting an altered one. It therefore appears crucial to efficiently and accurately determine the immune status of patients to provide the most effective treatment. There is, however, no specific clinical sign of impaired immune response. Ex vivo functional assays such as cytokine production or cell proliferation, although gold standards in the field, are not easily adaptable to clinical routine (7) . There is now a great interest in easily measurable biomarkers to guide patient treatment.
Among the proposed immune-adjuvant treatments, the recombinant human interleukin (rhIL)-7 evaluated in HIV (8) or cancer (9) has already shown promising preclinical results in sepsis. The ex vivo use of rhIL-7 improved lymphocyte function following sepsis (6) , and an in vivo treatment increased survival in a peritonitis mouse model (10) .
The interleukin (IL)-7 signal is transduced via the IL-7 receptor (IL-7R), composed of the common γc and the IL-7-specific α (CD127) chains (11) . As shown for other cytokine receptors, IL-7R can be found as a soluble protein (sCD127) (12) . Studies have reported an association between high sCD127 plasma levels and mortality in septic shock (13) and critically ill patients (14) . The mechanisms leading to the production of sCD127 are not fully understood as yet and may involve alternative splicing (12, 15) and posttranscriptional modifications (16) . sCD127 is able to bind IL-7 (17), but its effect on IL-7 activity is still controversial; some studies reporting a decrease of IL-7 activity (18, 19) , whereas others show a potentialization of its effects (17, 20) . Because there is currently no available global transcriptional study of IL7R in septic shock patients, describing its expression modulation and evaluating its potential as a surrogate marker of septic shock-induced immune alterations appeared relevant.
The objectives of our study were to describe the transcriptional expression of IL7R during septic shock and assess the association between IL7R transcripts and day 28 (D28) mortality. This was explored in a discovery cohort and validated in a larger and independent cohort of septic shock patients.
MATERIALS AND METHODS

Patients and Samples
Septic Shock Patient Discovery and Validation Cohorts. Septic shock patients were included from two independent existing cohorts, based on the following inclusion criteria: 1) predicted ICU length of stay of at least 2 days and 2) presence of Systemic Inflammatory Response Syndrome due to an ongoing infection. Septic shock was defined as a sepsis-induced hypotension persisting despite adequate fluid resuscitation requiring vasopressors (21) . The exclusion criteria were aplasia for the discovery cohort, completed, for the validation cohort, with recent chemotherapy or immunosuppressive treatment, highdose or prolonged corticosteroid treatment, primary immune deficiency, and extracorporeal circulation in the month preceding ICU admission. Protocols of the discovery (institutional review board [IRB] no. 11236) and validation (IRB no. 5044) cohorts were approved by local ethics committees. Nonopposition to inclusion in the protocols was systematically recorded from patients or next of kin (see details in supplemental patients description, Supplemental Digital Content 1, http://links.lww.com/CCM/D724).
Control Cohort. Whole blood samples from 19 healthy volunteers (median age, 41 [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] ; male, 42%) were obtained from the Etablissement Français du Sang in Lyon and used as controls. In accordance with standardized procedures for blood donation, informed consent was obtained and personal data were anonymized at the time of blood donation.
IL7R Transcripts Expression Level Measurement
Peripheral whole blood was collected in PAXgene tubes (PreAnalytix, Hilden, Germany). Briefly, after extraction, total RNA was reverse transcribed in complementary DNA. Three IL7R-specific polymerase chain reaction (PCR) assays were designed: the "IL7R-001" PCR is specific of the IL7R-001 transcript encoding the membrane form of CD127 and the "IL7R-003" PCR of the IL7R-003 transcript encoding a sCD127 form. The "IL7R-All" PCR quantifies all IL7R transcripts studied, including the two previously described (Supplemental Fig. 1 , Supplemental Digital Content 1, http://links.lww.com/CCM/D724; and Supplemental Table 1 , Supplemental Digital Content 1, http://links. lww.com/CCM/D724). Absolute concentrations (copies/µL) were used to compare the expression levels of the different transcripts. For analysis of the association with D28 mortality, gene expression was normalized using hypoxanthine phosphoribosyltransferase 1 as reference gene and results were expressed as Calibrated Normalized Relative Quantity (22) . Experimental protocol is detailed in supplemental method (Supplemental Digital Content 1, http://links.lww.com/CCM/D724).
Statistics
Chi-square or Fisher exact tests were used for qualitative variables assessment. Quantitative variables were compared with a Student t test or Mann-Whitney U test. Paired Wilcoxon tests were used to compare the expression of IL7R transcripts between samples collected at two time-points. The association between D28 mortality and IL7R expression level was appreciated by univariate and multivariate Cox models. To allow comparison between models, hazard ratios were normalized to an increment from first to third quartile (interquartile range hazard ratio [IQR HR]). For multivariate analysis, confounding factors were selected using the following criteria: a correlation between the variable and IL7R expression level (Spearman r ≥ 0.15), a significant association with D28 mortality (p < 0.1, Cox model), and the absence of missing values. To avoid redundancy, variables used in Sequential Organ Failure Assessment (SOFA) or Simplified Acute Physiologic Score (SAPS) II calculation were not included in multivariate models including these scores. Area under receiver operating characteristics curves (AUROCs) were calculated to assess the predictive performance regarding D28 mortality. DeLong method was used for comparison of AUROCs. For IL7R transcripts expression, a threshold was determined in the discovery cohort in order to maximize: 1) the negative predictive value and 2) the specificity. In the validation 
RESULTS
Discovery Cohort
To study the modulation of IL7R transcripts after septic shock, we first retrospectively included 30 patients who were sampled both at day 1 (D1) and day 3 (D3) after septic shock diagnosis. This enabled the evaluation of the IL7R D3/D1 expression ratio for all selected patients. Nine patients (30%) died before D28 ( Table 1) . D28 nonsurvivors had more comorbidities and higher severity scores at admission than survivors. We measured IL7R expression levels using three PCR designs, of which one is specific of the IL7R-001 transcript that encodes the CD127 membrane and one of the sCD127-encoding IL7R-003 transcript. Expression levels of all IL7R transcripts studied were lower in septic shock patients than in healthy volunteers (p < 0.001) (Fig. 1A) . In septic shock patients, we observed a moderate increase in the expression of all IL7R transcripts between D1 and D3 (p < 0.001). Overall, the expression level of the transcript encoding a sCD127 form was approximately 60-fold lower than the transcript encoding the CD127 membrane form.
Although IL7R expression levels at D1 showed no difference between survivors and nonsurvivors, those of all transcripts at D3 were lower in nonsurvivors (p < 0.05) (Fig  1B) . They also remained low in nonsurvivors but increased between D1 and D3 in survivors, as shown by higher D3/D1 ratios in survivors.
IL7R transcripts expression at D3 was significantly associated with D28 mortality, a higher expression level of IL7R transcripts indicating a lower risk of death (IQR HR Table 2 , Supplemental Digital Content 1, http://links.lww.com/CCM/D724).
To estimate the performance of IL7R as a prognostic biomarker, we calculated AUROC for each IL7R PCR assay at D3 and selected thresholds, in view of reaching a high negative predictive value and a high specificity (Supplemental Table 3 , Supplemental Digital Content 1, http://links.lww.com/CCM/ D724). All AUROCs were over 0.77, the highest one corresponding to the IL7R-001 membrane transcript.
As the IL7R-001 membrane transcript showed a high expression level and the most promising performances for D28 mortality prediction at D3, we specifically evaluated this transcript in the validation cohort.
Validation Cohort
We included from a different cohort septic shock patients with available samples at D3 after septic shock diagnosis in order to confirm results from the discovery study (Supplemental Fig. 2 , Supplemental Digital Content 1, http://links.lww.com/CCM/ D724). Out of the 177 selected patients, 42 died within D28 (24%) ( Table 2) . Age, SAPS II, D1 and D3 SOFA, and Charlson scores were significantly higher in D28 nonsurvivors than in survivors. Lactate level, lymphocyte, and platelet counts at D3 were also significantly different between survivors and nonsurvivors (Supplemental Table 4 , Supplemental Digital Content 1, http://links.lww.com/CCM/D724). The discovery and validation cohorts provided similar results in terms of comorbidities, biology, and severity (data not shown). = 19 ) and septic shock patients at day 1 (D1) and day 3 (D3) after septic shock diagnosis (n = 30). mRNA levels are expressed as absolute concentration in copies/µL. B, Comparison of mRNA expression between day 28 nonsurvivor (NS, n = 9) and survivor (S, n = 21) patients, at D1 and D3 after septic shock diagnosis, and for the D3/D1 expression ratio. mRNA levels are expressed as calibrated normalized relative quantity (CNRQ) using hypoxanthine phosphoribosyltransferase 1 as reference gene. *p < 0.05, **p < 0.01, and ***p < 0.001 Mann-Whitney U test, ##p < 0.01 and ###p < 0.001 paired Wilcoxon test.
As observed in the discovery cohort, IL7R expression level at D3 was significantly lower in D28 nonsurvivors compared with survivors (p < 0.001) (Fig. 2A) .
The validation cohort allowed confirming the significant association between D28 mortality and IL7R expression level at D3 (IQR HR, 0.47 [95% CI, 0.28-0.78]; p < 0.01) ( Table 3) . This association was still significant in a multivariate model adjusted for SAPS II (0.48 [0. .81]; p < 0.01) ( Table 3) .
We assessed the performance of IL7R expression levels at D3 to identify D28 nonsurvivor patients and obtained an AUC Finally, survival probabilities in groups defined according to IL7R expression at D3 were significantly different (p < 0.01) (Fig. 2B) .
DISCUSSION
Our study highlights for the first time the existing association between IL7R messenger RNA (mRNA) expression and D28 mortality in two independent cohorts of septic shock patients. Using a threshold obtained on the discovery cohort, IL7R expression level at D3 identified a group of septic shock patients from the validation cohort with a 2.2-fold lower risk of death. This suggests that IL7R mRNA quantification could help patient stratification in clinical trials evaluating immune-adjuvant therapies.
Given the important role of IL-7 in T cell development and homeostasis, rhIL-7 has been evaluated in clinical trials in HIV and cancer. The first clinical trial in septic shock patients has just been completed and demonstrated rhIL-7 efficacy in restoring lymphocyte count in the absence of any severe side effect (24) . We previously suggested that IL7R could be a companion biomarker for such therapy (13) . Previous studies have demonstrated that CD127 expression on T lymphocytes surface does not seem to undergo extensive regulation in septic shock (6, 25) . In addition, CD127 is measured by flow cytometry, a technique that is not routinely implemented in clinical practice yet, consequently compromising its use as a biomarker in septic shock patients. Interestingly, we previously demonstrated a significant association between high plasma level of sCD127 and mortality (13, 14) . Several IL7R transcripts have been identified and those lacking exon 6, the exon encoding transmembrane domain (12) , may encode soluble forms of CD127.
To our knowledge, this study is the first to quantify different IL7R transcripts in septic shock patients. We set up specific PCR designs to measure 1) global IL7R expression; 2) the membrane CD127 encoding transcript; and 3) a soluble form of CD127 encoding transcript, whereas most of previous studies in autoimmune diseases (26, 27) or infectious diseases (28-30) evaluated only IL7R membrane transcript expression.
All transcripts studied, including that encoding a soluble form (IL7R-003), show decreased expression after septic shock. Its expression was interestingly lower in septic shock patients than in healthy volunteers, as also observed for the plasmatic level of sCD127. However, although the expression level of IL7R-003 was lower in nonsurvivors, the sCD127 plasma concentration was higher in nonsurvivors (13, 14) . The expression of IL7R-007, another transcript lacking exon 6, was modulated similarly to IL7R-003 (data not shown).
Combining the results obtained on proteins (membrane and soluble CD127) and on IL7R transcripts underlines the complex mechanisms involved in the regulation of this receptor. The primary source of sCD127 has not yet been clearly determined but may be the result of concomitant shedding from the membrane and transcriptional regulation (15, 16) . Furthermore, despite the absence of a comprehensive evaluation of IL7R forms, numerous molecules such as IL-7 itself, tumor necrosis factor, IL-6, or glucocorticoids, were shown to regulate its expression (31) . This should be further considered when interpreting IL7R expression levels in pathologies leading to immune response modulation.
This study reveals the significant association of D3 IL7R expression with D28 mortality in two independent cohorts of septic shock patients and is in line with findings from Bauer et al (28) , who reports the association of IL7R in a combination of three down-regulated genes in sepsis with long-term mortality.
The AUROCs obtained for all IL7R transcripts studied were similar to those obtained for SAPS II and SOFA scores. Specifically quantifying the transcript encoding an sCD127 form actually did not prove more informative toward the identification of patients at risk of death than the full-length transcript. An interesting finding in the validation study is the high negative predictive value for D28 mortality shown by the IL7R-001 membrane expression at D3. This highlights its possible use as an exclusion biomarker for rhIL-7 treatment: IL7R expression could indeed identify patients at a lower risk of death who may not benefit from immunotherapy in order to focus treatment on the high-risk population. Interestingly, we obtained similar results when considering nonseptic ICU patients (data not shown). This will also be evaluated in trauma, burn, and surgical patients in the REAnimation Low Immune Status Markers (REALISM) study (32) .
Other markers of the adaptive immune response are associated with mortality in critically ill patients, the most studied being absolute lymphocyte count (33) (34) (35) . Another indicator of the adaptive immune response is the lymphocyte proliferation assay that reflects T cell functionality and has been found associated with mortality in sepsis patients (36) . Unfortunately, long time-to-results and standardization issues make its use for rapid immune status assessment difficult (7) . In this specific context, the feasibility of measuring a biomarker such as IL7R in clinical routine using automated molecular biology platform (reverse transcription quantitative PCR) makes it a promising tool for immune status monitoring. The high multiplex capacity of such platforms offers the possibility to integrate IL7R in a panel of biomarkers from innate and adaptive immune response that have been shown to be associated with immune alterations in ICU patients, such as C-X3-C motif chemokine receptor 1 (37), IL10, and CD74 (38) or programmed cell death-1 (39) . This could lead to the development of an integrated tool for immune characterization.
Our study, however, has some limitations. Healthy volunteers are younger than septic shock patients. Lymphocyte count and lactate level at D3, identified as potential confounding factors, might have been included in multivariate models in the validation study. In a model including IL7R-001 expression, SAPS II, lactate concentration, and lymphocyte count at D3, the only parameter significantly associated with D28 mortality was lactate concentration (data not shown). However, due to a high number of missing values (36%), interpretation of such model is limited. The lower levels of IL7R transcripts in patients compared with healthy volunteers may also reflect the lower number of T cells frequently observed after septic shock (40) and not only a down-regulation of the expression. Not surprisingly, IL7R expression in whole blood was correlated with lymphocyte count (Spearman r = 0.5). Besides the interest of IL7R expression by itself as a prognostic biomarker, its regulation in septic shock patients has to be specifically studied in isolated T lymphocytes.
CONCLUSIONS
Our results show that IL7R mRNA expression level is associated with D28 mortality in septic shock patients and presents a high negative predictive value. IL7R expression appears as a suitable marker of impaired adaptive immune response following septic shock. This marker could be evaluated in a panel of biomarkers combining innate and adaptive aspects of the immune response in order to precisely determine the immune status of patients and treat them more efficiently.
